We conduct research that demonstrates new ways in which trees add value to your community, converting results into financial terms to assist you in stimulating more investment in trees. 
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The primary purpose of this report is to answer the question: Do the accrued benefits from Fort Collins' urban forest justify an annual municipal budget that is nearly $1 million? Our results indicate that the 31,000 streets and park trees in Fort Collins produce substantial benefits. Net annual benefits total $1.17 million ($38/tree, $9/capita). For every $1 invested in tree management, residents receive $2.18 in benefits for increased property values, reduced stormwater runoff, cleaner air, energy conservation, and reduced atmospheric carbon dioxide. Over the years Fort Collins has invested millions in its municipal forest. Citizens are now receiving a relatively large return on that investment. Continued investment in management is critical to insuring that residents receive a greater return on investment in the future.
• Green ash is the most abundant street tree species. It accounts for 22% of all street trees and produces 17% of all street tree benefits. Other important species by virtue of their size and numbers are Honeylocust, American elm, Hackberry, Siberian elm, Littleleaf linden, and Silver maple.
• Large, old trees (> 24 inch dbh) account for 11% of the population and produce 22% of all benefits ($144/tree). American elms on streets alone account for 23% of total annual benefits from old trees. Siberian elm, Silver maple, and Plains cottonwood along streets together account for another 31% of the remaining benefits. Although these dominant species have proven to be relatively long-lived, they are being phased-out of the population. Insect and disease problems, brittle wood and intensive pruning requirements make them unsuitable for planting in large numbers. Intensive inspection and maintenance are necessary to insure that these problems do not jeopardize tree health, public safety, and the sizable benefits that these trees produce.
Other important findings:
• Fort Collins' municipal forest is healthy and well-stocked. Seventy-five percent of the trees are in excellent or good condition, 20% are in fair condition, and 5% are poor, dying, or dead. Approximately 66% of all streetside planting sites are filled with trees.
• Benefits total $2.17 million ($70/tree) with greatest value for aesthetic benefits/increased property values ($1.6 million, $52/tree) and reduced stormwater runoff ($404,000, $13/tree). Building shade, cooler summertime temperatures, and decreased winter winds attributed to street and park trees produce energy savings valued at $112,000 ($4/tree). Smaller benefits result from atmospheric carbon dioxide reduction ($25,000, $2/tree) and improved air quality ($18,000, $1/tree).
• The City is planting a myriad of largestature trees that are more suitable than the species they replace. These new plantings include varieties of White ash, Oak, Maple, and Linden. As a result, the forest is becoming more diverse, and ultimately, more stable.
• These findings indicate that the City's trees are providing important aesthetic, health, and environmental benefits to residents.
• Costs total $997,000 ($32/tree) with 41% of this amount for pruning ($405,000) . Mature tree care accounts for 70% of total costs.
Chapter I. Introduction
"I think that I shall never see heat pump lovely as a tree."
---Adapted from Joyce Kilmer Fort Collins' Forestry Division manages approximately 16,400 trees along streets and 14, 500 trees in parks. The Division believes that the public's investment in stewardship of Fort Collins' urban forest produces benefits that are particularly relevant to the community. Fort Collins needs to maintain a vigorous local economy, while retaining the quality of life for which it is known. Research indicates that healthy city trees can mitigate impacts of development on air quality, climate, energy for heating and cooling buildings, and stormwater runoff. Healthy street trees increase real estate values, provide neighborhoods with a sense of place, and foster psychological well-being. Street and park trees are associated with other intangibles such as increased community attractiveness and recreational opportunities that make Fort Collins a more enjoyable place to work and play. Fort Collins' urban forest creates a setting that helps attract tourism and retain businesses and residents.
However, in an era of dwindling public funds and rising expenditures elected officials often scrutinize expenditures that are considered "non-essential" such as planting and management of the municipal forest. Although the current program has demonstrated its economic efficiency, questions remain regarding the need for the level of service presently provided. Hence, the primary question that this study asks is:
Do the accrued benefits from Fort Collins' urban forest justify an annual municipal budget of nearly $1.0 million?
In answering this question our purpose is to:
• Assist decision-makers assess and justify the degree of funding and type of management program appropriate for this city's urban forest.
• Provide critical baseline information for the evaluation of program cost-efficiency, alternative pruning cycles, and alternative management structures.
• Highlight the relevance and relationship of Fort Collins' urban forest to local quality of life issues such as environmental health, economic development, and psychological well-being.
• Provide quantifiable data to assist in developing alternative funding sources through utility purveyors, air quality districts, federal or state agencies, legislative initiatives, or local assessment fees.
This report consists of 7 Chapters.
Chapter I. Large-stature trees comprise 86% and 64% of the street and park tree populations, respectively. Parks contain relatively more medium-stature trees than streets (26% to 4%), while small trees make up 10% of both populations (Table 1) . Conifers account for 34% of all park trees, but only 4% of all street trees. Fort Collins is likely to receive substantial benefits from its trees now and into the future because 76% of all street trees have a large mature size. The distribution of all street trees by mature size class and life form is shown in Table 1 .
There are 95 different species of trees in the street tree inventory database. The mean number of species recorded for 22 U.S. street tree populations was 53, but Los Angeles and La Canada Flintridge, CA and Eugene, OR contained 77, 77, and 63 tree species, respectively (McPherson and Rowntree 1989) . Compared to these cities, Fort Collins has a relatively rich assemblage of trees species along its streets.
Green ash (Fraxinus pennsylvanica) is the most common street tree species, with 3,551 trees accounting for 22% of the population ( 
Importance and Age Structure
The importance of Green ash as the dominant component of the City's street tree population is illustrated in The distribution of ages within a tree population influences present and future costs as well as the flow of benefits. An uneven-aged population allows managers to allocate annual maintenance costs uniformly over many years and assure continuity in overall tree canopy cover (Miller 1997 ). An "ideal" distribution has a high proportion of new transplants (40%) and the percentage of trees in the older classes progressively declines (30% maturing, 20% mature, 10% old) (Richards 1982/83) . Younger trees tend to have the highest loss rates, so are needed in greatest numbers.
The age structure for all trees in Fort Collins is well distributed among size classes (Figure 1 ). Young trees less than 6" diameter at breast height (dbh) account for 53% of the population compared to the "ideal" of 40%, and old trees (> 24" dbh) make up 6% of the population compared to the "ideal" of 10%. Maturing trees match the "ideal" 30%, but Fort Collins has a deficit of mature trees (18-30" dbh), only 11% compared to the "ideal" 20%. These trees would have been planted from . The park tree population contains relatively more maturing and mature trees than does the street tree population (Appendix A). Figure 1 . Age structure of selected species, all trees, and an "ideal" distribution that allows for higher mortality rates for younger trees.
Age curves for different tree species help explain their relative importance and suggest how tree management needs may change as these species grow older. Many of Fort Collins' American elm, Plains cottonwood, and Siberian elm are greater than 50 years old and require intensive care. These trees have provided benefits over a long period of time. The relatively large percentage of older trees suggests that future benefits will be closely linked to their health. On the other hand, most of the Burr oak and Littleleaf linden are young trees. Training these trees for structure and form while young will reduce later costs for pruning and storm clean-up.
Tree Canopy Cover
We estimate that the street tree canopy covers almost 1 million sq ft (8.9 ha). Given City area of 49.4 sq miles (128 km 2 ), street tree canopy covers 22 ac or 0.07% of the entire City. Fort Collins' street trees shade approximately 0.5% of all street paving. This calculation assumes that 40% of all street tree canopy cover is shading street surfaces, there are 436 miles (702 km) of street, and the average curb-to-curb distance is 35 ft (10.7 m).
Condition of Existing Trees
We infer from our sample of 847 street trees to the entire municipal tree population to evaluate the condition of existing trees. Overall, the municipal urban forest appears healthy. Fifteen percent of the trees are in excellent condition, 60% are in good condition, and 20% are in fair condition (Figure 2 ). About 5% of the trees are in poor condition, dying, or dead. During our field work we found very few trees that were candidates for immediate removal. Figure 2 . Distribution of street trees by condition class. 
Location and Other Features
From the street tree sample we found that 76% of all trees were in planting strips, 12% in front yards, 11% in medians, and 1% in cutouts. The majority of trees were adjacent to single family residential land uses (59%), and others were on commercial/industrial (12%), multi-family residential (11%), and other land uses (18%).
Roots from 23% of the trees had heaved sidewalks. Thirty-one percent of all trees shaded cars in streetside parking spaces and driveways. Tree shade reduces the potential release of evaporative hydrocarbons from parked vehicles that are precursors to ozone formation (Scott et al. 1999) . 
Program Expenditures

Tree Planting and Establishment
The production of quality nursery stock, its planting, and follow-up care are critical to perpetuation of a healthy urban forest. 
Other Tree-Related Expenditures External to the Community Forestry Program
Tree-related expenses accrue to the City that were not captured in the Community Forestry Program's budget. These expenditures include sidewalk and curb repair and legal claims.
Sidewalk and Curb Repair
Shallow roots that heave sidewalks, crack curbs, and damage driveways are an important aspect of mature tree care. Once problems occur, the city attempts to remediate the problem without removing the tree. Strategies include ramping the sidewalk over the root, meandering or narrowing the sidewalk, replacing concrete with more flexible materials like unit pavers, and root pruning. In total, $60,000 is spent on these measures. The largest expenditure, $33,000, is for repair of damaged sidewalks, curbs, and gutters.
Property and Personal Claims
Although the Forestry Division has an excellent service record, damage occasionally occurs to private property due to limb failure, inaccurately located irrigation or sewer lines, or conflicting landscaping. Payments are occasionally made for trip and fall accidents. The annual expenditure for claims and legal services is $12,200.
Total Expenditures
Total annual expenditures for street and park tree management are $997,638 (Table 4) . Program costs are responsible for 93% of the total, while external expenditures accounted for the remaining 7%. The average annual costs per tree and per capita are $32.19 and $7.39, respectively. 
Chapter IV. Benefits Produced by Fort Collins' Urban Forest Introduction
In this chapter we present estimated benefits provided by Fort Collins' street and park trees. Our estimates of benefits are initial approximations. The state of knowledge about the physical processes at work and their interactions vary, and is being added to all the time. Therefore, these estimates are not meant to be accurate to the penny, but rather provide a general understanding of the benefits provided by Fort Collins' public trees over the course of one year. Methods used to quantify and price these benefits are described in Appendix B.
Environmental Benefits Energy Savings
Urban forests modify climate and conserve building energy use through 1) shading, which reduces the amount of radiant energy absorbed and stored by built surfaces, 2) evapotranspiration, which converts liquid water in plants to vapor, thereby cooling the air, and 3) wind speed reduction, which reduces the infiltration of outside air into interior spaces (Simpson 1998) . Trees and other greenspace within individual building sites may lower air temperatures 5°F (3°C) compared to outside the greenspace. At the larger scale of urban climate (6 miles or 10 km 2 ), temperature differences of more than 9°F (5°C) have been observed between city centers and more vegetated suburban areas.
Electricity and Natural Gas Results. Electricity saved annually from both shading and climate effects totaled 1,020 MWh, for a total retail savings of $58,160 (1.88/tree). Savings for park trees ($1.57/tree) are less than for street trees ($2.15/tree), reflecting the fact that park trees provide only climate benefits, while street trees provide both shade and climate benefits.
Total annual savings for natural gas are nearly $53,885. This reduction in heating costs results from winter savings from wind speed reduction (a climate effect). Park trees produce a greater net heating savings than street trees ($2.10/tree vs. $1.42/tree). Only climate effects are attributed to them, and they don't provide shade in winter that increases heating demand. (Table 5 ) are nearly evenly split between reduced winter heating and summer air conditioning. Total savings are 19,184 MBtu, valued at $112,045. Average savings per tree are $3.72, and exceed $10/tree for larger varieties (e.g., elms, Silver maple).
Net Energy Savings. Net energy savings
Atmospheric Carbon Dioxide Reductions
Urban forests can reduce atmospheric CO 2 in two ways: 1) trees directly sequester CO 2 as woody and foliar biomass while they grow, and 2) trees near buildings can reduce the demand for heating and air conditioning, thereby reducing emissions associated with electric power production. On the other hand, CO 2 is released by vehicles, chain saws, chippers, and other equipment during the process of planting and maintaining trees. Eventually, all trees die and most of the CO 2 that has accumulated in their woody biomass is released into the atmosphere through decomposition.
Sequestered, Released and Avoided CO 2
Result. Sequestration less releases due to decomposition and maintenance (net sequestration) resulted in total savings of 1,785 short tons (1,619 metric tonnes or t) of CO 2 , with an implied value of $26,776. Average annual net sequestration /tree is 115 lb (52 kg) and saves $0.87 per tree. Green ash accounts for 26% of total net CO 2 sequestered by street trees.
Net avoided emissions total 1,127 tons (1,023 t) with an average value of $0.55/tree. Net sequestration is 1.6 times greater than avoided CO 2 . Avoided emissions are important in Fort Collins because the primary fuel is coal. Coal has a relatively high CO 2 emission factor. Net Atmospheric CO 2 Reductions. Net CO 2 reduction, the sum of avoided and net sequestration, is 2,912 tons (2,642 t), with a value of $43,686 (). This is an average benefit of $1.41/tree, with a maximum of $6/tree. Green ash (24%), American elm (14%), and Siberian elm, and Honey locust (both 10%) are responsible for the largest percentages of net atmospheric CO 2 reductions by street trees.
Air Quality Improvement
Urban trees provide air quality benefits by 1) absorbing gaseous pollutants (ozone, nitrogen oxides) through leaf surfaces, 2) intercepting particulate matter (e.g., dust, ash, pollen, smoke), 3) releasing oxygen through photosynthesis, and 4) and transpiring water and shading surfaces, which lowers local air temperatures, thereby reducing ozone levels. In the absence of the cooling effects of trees, higher air temperatures contribute to ozone formation. Most trees emit various biogenic volatile organic compounds (BVOCs) such as isoprenes and monoterpenes that can contribute to ozone formation. The ozone forming potential of different tree species varies considerably (Benjamin and Winer 1998). High emitters of BVOCs (> 10 ug/g/hr) in Fort Collins are Plains cottonwood, Colorado spruce (Picea pungens), and Burr oak (Quercus macrocapa).
Research in the Sacramento, CA region quantified the effectiveness of trees for air quality improvement and has relevance to Fort Collins. Scott et al. (1998) found that the total value of annual air pollutant uptake produced by Sacramento County's six million trees was $28.7 million, nearly $5 /tree on average. The urban forest removed approximately 1,606 tons) (1,457 t) of air pollutant annually. Trees were most effective at removing ozone and particulate matter (PM 10 ). Daily uptake of NO 2 and PM 10 represented 1 to 2% of emission inventories for the county. Pollutant uptake rates were highest for residential and institutional land uses.
Trees in a Davis CA parking lot were found to benefit air quality by reducing air temperatures 0.5-1.5°C (1-3°F) (Scott et al. 1999) . By shading asphalt surfaces and parked vehicles the trees reduce hydrocarbon emissions from gasoline that evaporates out of leaky fuel tanks and worn hoses. These evaporative emissions are a principal component of smog, and parked vehicles are a primary source.
Initial calculations indicate that planting trees in parking lots throughout the region could reduce hydrocarbon emissions comparable to the levels achieved through the local air quality district's currently funded programs (e.g., graphic arts, waste burning, vehicle scrappage).
Deposition and Interception Result.
Pollutant uptake by tree foliage (pollutant deposition and particulate interception) is 4.4 ton (4.0 t) of combined uptake. The total value of this benefit is $18,500, or $0.60 /tree. Ozone and NO 2 uptake account for 75% and 19% of the savings, respectively.
Avoided Pollutants and BVOC Emissions
Result. Annual avoided pollutant emissions at power plants plus BVOC emissions total 734 lb (333 kg). Although trees provide substantial reductions of power plant emissions due to energy savings, their release of more highly priced BVOCs result in a net cost of $29. Street trees produce a net benefit of $0.29/tree, while the higher BVOC emitting conifers in parks produce an average cost of $0.33/tree. Colorado spruce (-$5/tree), Plains cottonwood (-$4/tree), and Austrian pine (Pinus nigra) (-$1/tree) are street tree species responsible for the greatest BVOC emissions. American ($2/tree) and Siberian elms ($1/tree) produce the greatest net benefits on average due to avoided emissions.
Net Air Quality Improvement. Fort Collins' public trees produce annual air quality benefits valued at $18,472 ($0.60/tree) by removing 6 tons (5.5 t) of pollutants from the atmosphere. Net air quality savings (Error! Reference source not found.) are primarily due to pollutant uptake ($0.60/tree, especially for street trees. However, higher BVOC emissions for park trees offsets some of the pollutant uptake benefit. Annual savings exceed $5 for elms and -$4 for Colorado spruce. 
Stormwater Runoff Reductions
Urban stormwater runoff is a major source of pollution entering local rivers. A healthy urban forest can reduce the amount of runoff and pollutant loading in receiving waters. Trees intercept and store rainfall on leaves and branch surfaces, thereby reducing runoff volumes and delaying the onset of peak flows. Root growth and decomposition increase the capacity and rate of soil infiltration by rainfall and reduce overland flow. Urban forest canopy cover reduces soil erosion by diminishing the impact of raindrops on barren surfaces, as well as runoff.
Studies that have simulated urban forest impacts on stormwater report annual runoff reductions of 2-7%. For example, annual interception of rainfall by Sacramento's urban forest for the urbanized area was only about 2% due to the winter rainfall pattern and predominance of non-evergreen species (Xiao et al. 1998 ). However, average interception loss for the land with tree canopy cover ranged from 6 to 13% (150 gal/tree on average), close to values reported for rural forests. Trees are less effective for flood control than water quality protection because canopy storage is exceeded well before peak flows occur. Trees can delay the time of peak runoff because it often takes 10-20 minutes for the tree crown to become saturated and flow to begin from stems and trunk to the ground. By reducing runoff from small storms, which are responsible for most annual pollutant washoff, trees can protect water quality.
Result. Fort Collins' street and park trees are estimated to reduce annual runoff by 49, 956 Ccf (141, 461 m 3 ) with an implied value of $403,597 (Table 8) . On average, each tree reduces stormwater runoff by 1,208 gal (4.57 m 3 ) annually, and the value of this benefit is $13.04. Street tree species that produced the greatest annual benefits /tree were Siberian elm ($89), Silver maple ($43), Plains cottonwood ($43), and American elm ($36). 
Property Value Increases and Other Benefits
Trees provide a host of social, economic, and health benefits that should be described and monetized in this benefitcost analysis. Environmental benefits from trees not accounted for previously include noise abatement and wildlife habitat. Although these types of environmental benefits are more difficult to quantify than those previously described, they can be important. Another important benefit from street tree shade is money saved for repaving because shaded streets do not deteriorate as fast as unshaded streets.
The social and psychological benefits provided by Fort Collins' urban forest improve human well-being. Research indicates that views of vegetation and nature bring relaxation and sharpen concentration. Hospitalized patients with views of nature and time spent outdoors needed less medication, slept better, and were happier than patients without these connections to nature (Ulrich et al.1985) . Trees reduce exposure to ultraviolet light, thereby lowering the risk of harmful health effects from skin cancer and cataracts. Other research shows that humans derive substantial pleasure from trees, whether it be feelings of relaxation, connection to nature, or religious joy (Dwyer et al.1992) . Trees provide important settings for recreation in and near Fort Collins.
Research on the aesthetic quality of residential streets has shown that street trees are the single strongest positive influence on scenic quality. Just the act of planting trees has social value in that new bonds between people often result. Also, urban and community forestry provides educational opportunities for residents who want to learn about nature through first-hand experience.
Research comparing sales prices of residential properties with different tree resources suggests that people are willing to pay 3 -7% more for properties with ample tree resources versus few or no trees. One of the most comprehensive studies of the influence of trees on residential propertyvalues was based on actual sales prices for 844 single family homes in Athens, Georgia (Anderson and Cordell 1988) . Using regression analysis, each large front-yard tree was found to be associated with about a 1% increase in sales price ($336 in 1985 dollars) . This increase in property value resulted in an estimated increase of $100,000 (1978 dollars) in the city's property tax revenues. A much greater value of 9% ($15,000) was determined in a U.S. Tax Court case for the loss of a large black oak on a property valued at $164,500 (Neely 1988) .
Result. The estimated total annual benefit associated with property value increase and other less tangible benefits is $1.6 million, or $52/tree on average (Table 9) . Street trees are responsible for 70% of this benefit because they are assumed to have greater impact on property values than park trees. Tree species adding the largest amount of leaf area over the course of a year tend to produce the highest average annual benefit: Silver maple ($113/tree), White ash (Fraxinus americana) ($110/tree), American elm ($107/tree), and Siberian elm ($105/tree). 
Total Benefits
It is impossible to quantify all the benefits and costs that tree's produce. For example, property owners with large street trees can receive benefits from increased property values, but they may also benefit directly from improved human health (i.e., reduced exposure to cancer-causing UV radiation) and greater psychological well-being through visual and direct contact with trees. On the cost side, increased health care costs may be incurred because of nearby trees, as with allergies and respiratory ailments related to pollen. The value of many of these benefits and costs are difficult to determine. We assume that some of these intangible benefits and costs are reflected in what we term "property value and other benefits."
Other types of benefits we can only describe, such as the social, educational, and employment/training benefits associated with the urban forestry program. To some extent, connecting people with their trees reduces costs for health care, welfare, crime prevention, and other social service programs.
Fort Collins residents can obtain additional economic benefits from street and park trees depending on tree location and condition. For example, street trees can provide air conditioning savings by shading buildings and pavement. This benefit can extend to the neighborhood, as the aggregate effect of many street trees is to reduce air temperatures and lower cooling costs.
Neighborhood property values can be influenced by the extent of tree canopy cover on streets and in nearby parks. The community benefits from cleaner air and water and reduced local flooding. Reductions in atmospheric CO 2 concentrations due to trees can have global benefits. To capture the value of all annual benefits we sum each type of benefit.
Total benefits produced by Fort Collins' street and park trees are estimated to have a value of $2.17 million (Table 10) , about $16/resident and $70/tree. Street trees produce benefits valued at $1.4 million ($88/tree, $10.65/capita), while park tree benefits are valued at $736,000 ($51/tree, $5.45/capita). Street trees account for 66% of total benefits and park trees produced the remaining 34%. Urban forest effects on property values and other intangible benefits account for 74% of total benefits ($52/tree). Stormwater runoff reduction benefits are second in importance (19% of total benefits, $13/tree). Benefits associated with energy savings represent 5% ($4/tree) of total benefits. Carbon dioxide reductions and air quality benefits account for the remaining 2% of estimated total annual benefits.
Average annual benefits increase from $30/tree for small trees to $175/tree for large trees (Figure 3) . Property value/other benefits are most important for young trees because the result is influenced by growth rate. Stormwater runoff reduction benefits are greatest for older trees because leaf area and crown diameter influence rainfall interception. Table 11 shows the distribution of annual benefits by species and size class. Green ash, which make up 22% of all street trees and 28% of all leaf area, account for 17% of all street tree benefits (Figure 4) . Over 50% of this species are less than 12-inch dbh. Other broadleaf deciduous large trees account for 14% of all street trees and 28% of total benefits by virtue of their relatively large size. Honey locust (8%), American elm (6%), Siberian elm (5%), and Hackberry (5%) are also important producers of benefits Annual benefits from small, young trees (< 6", 15 cm dbh) average $31/tree and account for 23% of total benefits, although the trees make up 53% of the population. Over 14% of these benefits are from Green ash along streets (about 18% of small trees) and 11% are from Honey locust ( Figure 5 ). Annual benefits from maturing trees (6-18", 15-45 cm dbh) account for 43% of total benefits, while the size class accounts for 30% of all trees. Benefits are less evenly distributed among species than they are for young trees, with 23% attributed to Green ash along streets. The average benefit is $101/tree. Other maturing street tree species producing substantial benefits are Honey locust, Siberian elm, and orway maple. N Mature trees, those between 18-30" dbh (45-75 cm), make up 11% of the tree population and are responsible for 21% of total benefits. The average annual benefit averages $136/tree. Green ash produces 16% of total benefits and accounts for 12% of the mature street tree population. The magnitude of future benefits depend on the extent to which species such as Green ash, Norway maple, Hackberry, Honey locust, and Silver maple continue to grow older nd larger. a
Large old trees, those greater than 30" dbh (75 cm), are 6% of the population and produce 13% of all benefits. Their average annual benefit is $144/tree. American elms on streets alone account for 23% of total annual benefits from old trees. Siberian elm, Silver maple, and Plains cottonwood along streets together account for another 37% of the remaining benefits. Other broadleaf deciduous large trees, primarily in parks, account for 25% of total benefits from old rees. t
Relying on relatively few species (i.e., Green ash, Honey locust, American elm ) for such a large portion of total benefits (30%) is risky.
Commonly, relatively few species come to dominate urban forests by virtue of their ability to survive the tests of time. Critical to the benefitcost equation is the suitability of the dominant species. Although American elm, Honey locust, and Siberian elm have proven to be relatively long-lived, they are being phased-out of the population. Insect and disease problems, brittle wood, and intensive pruning requirements make them unsuitable for planting in large numbers. Intensive inspection and maintenance are necessary to insure that these problems do not jeopardize tree health, public safety, and the sizable benefits that these trees produce. Similar conclusions were drawn for Fremont poplar (Populus fremontii) and Siberian elm in Albuquerque, NM and Silver maple in many Midwestern cities (McPherson and Rowntree  989) . 1
However, as these species are phased-out the city is replacing them with a myriad of largestature trees that are more suitable. These replacements include varieties of White ash, Oak, Maple, and Linden. As a result, the forest is becoming more diverse, and ultimately, more stable. 
Net Benefits and Benefit-Cost Ratio
Total fiscal benefits of $2,174,047, less net expenditures of $997,638 result in a net annual benefit of $1,170,229 (Table 12) . Average annual net benefits per resident and /tree are $9 and $38, respectively. The benefit-cost ratio is 2.18:1, meaning that for each $1 in net expenditures for urban forest management, benefits valued at $2.18 are returned to the residents of Fort Collins.
Limitations and Uncertainty
We have greater certainty in our estimates of expenditures than benefits. Our uncertainty is greatest in estimating the amount of air pollutant uptake by trees, the value of BVOC emissions, and property value/other benefits. Although our estimates of air pollutant uptake are in good agreement with results from urban forestry studies for Chicago, Sacramento, Modesto, and Santa Monica, it should be noted that our ability to accurately estimate the extent to which shade trees produce air quality benefits is impaired by uncertainties regarding rates of pollutant deposition and release. We used canopy resistance values for rural forests because data are lacking for urban trees. We expect that urban trees might have lower canopy resistance values than trees in rural forests due to lower levels of water stress and higher gas exchange rates. If this is the case, pollutant uptake rates will be greater than we estimate here. BVOC release may be overvalued if emissions are not converted into ozone and thus, do not become a health hazard. Although we have used the best information currently available, application of new research results or different modeling techniques could alter these findings.
Estimating the property value/other benefits associated with public trees is open to debate because little research has examined this question. Given that the total property value and other benefits from park trees was $480,000 of the $1.6 million, reducing or increasing the park tree reduction factor from 0.5 could alter results of this analysis. Further research is needed to better understand relations between trees and these benefits. Although 95 different species of trees have been planted along streets, Green ash is the dominant tree. It accounts for 22% of all street trees, 28% of total leaf area and 17% of all annual benefits. Honey locust, American elm, Siberian elm, and Hackberry are other important tree species, producing 8%, 6% and 5% of all benefits, respectively. The Fort Collins tree population has a relatively diverse age structure, with many young, replacement trees and quite a few large, old trees. Given this age structure, it is not surprising that expenditures for mature tree care comprise 70% of tree program expenditures. Additional funds are spent addressing other mature tree-related issues such as sidewalk repair and trip and fall claims. When considering total expenditures, Fort Collins spends nearly $1 million annually for urban forestry ($7/resident, $32/tree). Keeping old trees healthy, perpetuating the forest through planting, and providing a safe and attractive environment for the public comes with a price.
We estimate that total annual benefits from Fort Collins' urban forest are $2.17 million ($16/resident, $70/tree). Net benefits (total benefits less costs) for are $1.17 million ($9/resident, $38/tree). For each $1 invested in urban forest management, benefits valued at $2.18 are returned to the residents of Fort Collins.
Fort Collins' municipal trees provide substantial benefits. As trees grow they increase the value of nearby properties, enhance scenic beauty, and produce other benefits with an estimated annual value of $1.6 million ($52/tree). The net annual stormwater runoff reduction benefit is valued at $403,597 ($13/tree). Building shade, cooler summertime temperatures, and decreased winter winds attributed to street and park trees produce energy savings valued at $112,045 ($4/tree). Smaller benefits result from air quality benefits ($13,091 or $1/tree) and atmospheric carbon dioxide ($25,105 or $2/tree). These findings indicate that the City's trees are providing important health and environmental benefits to residents.
Fort Collins' investment in urban forestry is providing significant benefits to property owners in terms of increased sales prices. Increased property values benefit the city through increased property tax revenues. Public trees are producing tangible air quality, flood control, energy conservation, and CO 2 reduction benefits. Those who benefit from these "environmental services" are potential new partners in urban forest management. The local air quality district, stormwater management agency, electric utility, and industries interested in offsetting carbon dioxide emissions could view Fort Collins' urban forest as an asset to their programs. As air pollution trading markets develop, there is potential for the City to claim credits for these benefits. Urban forestry credits could be applied against municipal emissions or sold to local emitters. Money obtained from the sale of credits could help finance the tree program. Pollution trading markets exist for several criteria pollutants (PM 10 , NO 2 , VOCs), and have been proposed for CO 2 .
At the outset of this report we stated our primary question: Disease within a few years. Although the Elms are not as dominant in Fort Collins as American elms were in many Midwestern communities, the peril is evident. From our perspective, it seems prudent to continue investing in intensive management that will create a more stable forest over the next 20 years, rather than risking a catastrophic loss in tree cover and large emergency expenditures to obtain short term budget savings.
Looking toward the future, by planting a diverse mix of large-stature trees, the City is on-track to maintain the high level of net benefits produced today by Fort Collins' municipal forest, while at the same time increasing its stability. Creating a more stable forest will result from the movement of younger trees into the mature age classes. Through wise planning that has resulted in a population that is diverse in terms of species and age structure, Fort Collins' urban forest is well-positioned to maximize net benefits and reduce the risk of catastrophic loss in the years ahead. With continued investment in tree care, achieving a more stable forest should not be difficult because of the forest's current species composition and structure.
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The wrongs done to trees, wrongs of every sort, are done in the darkness of ignorance and unbelief, for when light comes, the heart of people is always right.
---John Muir, Naturalist 
Appendix A -Tree Distribution
APPENDIX B -Methodology
Sampling and Tree Growth
Fort Collins' tree database contained information on approximately 16,500 street trees, including species and size. Park tree data consisted of estimated numbers by size classes (DBH) and type (i.e., shade, conifer, ornamental) for park, cemetery, golf course, stormwater basins, and special garden (xeriscape/native plant) locations. We grouped these data to fit our street tree DBH classes and tree type categories. Because park tree numbers by species were not available, we present total park tree benefits, while results for street trees are reported by species.
A stratified random sample of 847 street trees was inventoried to establish relations between tree age, size, leaf area and biomass. In turn, estimates for determining the magnitude of annual benefits and costs were derived. Estimated to account for 87% of the total municipal street tree population, the sample was composed of the 20 most abundant species, and was used to infer growth rates to all street and park trees.
To obtain information spanning the life cycle of each species, the sample was stratified into 9 diameter at breast height (DBH) classes: 0-3 in, 3-6 in, 6-12 in, 12-18 in, 18-24 in, 24-30 in, 30-36 in, 36-42 in, and 42+ in. Thirty-five to 70 randomly selected trees of each species were selected to survey, along with an equal number of alternative trees. Tree metrics sampled included DBH (to nearest 0.1 cm by tape), tree crown and bole height (to nearest 0.5m by altimeter), crown diameter in two directions (parallel and perpendicular to adjacent street, to nearest 0.5m by tape), tree condition and location, and crown pruning level (percentage of crown removed by pruning). Replacement trees were sampled when trees from the original sample population could not be located. Tim Buchanan and Ralph Zentz (City of Fort Collins) determined tree age based on historical planting records. Field work was conducted June through July, 2002.
Crown volume and leaf area (LA) were estimated from computer processing of tree crown images obtained using a digital camera. The method has shown greater accuracy than other techniques (±20 percent of actual leaf area) in estimating crown volume and leaf area of open-grown trees (Peper and McPherson, 2003) .
Nonlinear regression was used to fit predictive growth models-DBH as a function of age-for each of the 20 sampled species. Predictions of leaf surface area (LSA), crown diameter, and height metrics were modeled as a function of DBH using best-fit models (Peper et al. 2001 ).
Calculating Benefits
Annual benefits for Fort Collins' street and park trees were estimated for the year 2003. Growth rate modeling information was used to perform computer-simulated growth of the existing tree population for one year and account for the associated annual benefits. This "snapshot" analysis assumed that no trees were added to, or removed from, the existing population during the year. The approach directly connects benefits with tree size variables such as DBH and LSA. Many functional benefits of trees are related to leafatmosphere processes (e.g., interception, transpiration, photosynthesis), and, therefore, benefits increase as tree canopy cover and leaf surface area increase
Prices were assigned to each benefit (e.g., heating/cooling energy savings, air pollution absorption, stormwater runoff reduction) and cost (e.g., planting, pruning, removal, irrigation, infrastructure repair, liability) through direct estimation and implied valuation as environmental externalities. Implied valuation is used to price society's willingness to pay for the air quality and stormwater runoff benefits trees produce. For example, air quality benefits are estimated using control costs, which reflect the typical cost for reducing emissions from stationary sources. If a corporation is willing to pay $1 per pound to install technologies that reduce emissions, then the air pollution mitigation value of a tree that absorbs or intercepts 1 lb of air pollution should be $1.
Energy Savings
Calculating annual building energy use per residential unit (Unit Energy Consumption [UEC]) was based on computer simulations that incorporate building, climate and shading effects, following methods outlined by McPherson and Simpson (1999) . Changes in UECs from trees ( ∆UECs) were calculated on a /tree basis by comparing results before and after adding trees. Building characteristics (e.g., cooling and heating equipment saturations, floor area, number of stories, insulation, window area, etc.) were differentiated by a building's vintage, or age of construction : pre-1950, 1950-1980 and post-1980 .
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Typical meteorological year (TMY) weather data for Denver International Airport were used. Shading effects for each tree species measured were simulated at 3 tree-building distances, 8 orientations, and 9 tree sizes.
Shading coefficients for tree crowns in leaf were based on a photographic method for measured species, which estimates visual density. These techniques have been shown to give good estimates of light attenuation for trees in leaf (Wilkinson 1991) . Visual density was calculated as the ratio of crown area computed with and without included gaps. Crown areas were obtained from digital images isolated from background features using the method of Peper and McPherson (2003) . Values for trees not measured, and for all trees not in leaf, were based on published values where available (McPherson 1984 , Hammond et al. 1980 . Values for remaining species were assigned based on taxonomic considerations (trees of the same genus assigned the same value) or observed similarity in the field to known species. Foliation periods for deciduous trees were obtained from the literature (McPherson 1984 , Hammond et al. 1980 or based on consultation with local arborists and city tree managers.
Tree distribution by location (e.g. frequency of occurrence at each location) specific to Fort Collins was determined to calculate average energy savings as a function of distance and direction from a building. Distance between trees and buildings (setbacks), and tree orientation with respect to buildings, were based on the field measurements of street trees. Setbacks were assigned to four distance classes: 0-20 ft, 20-40 ft, 40-60 ft and >60 ft. It was assumed that street trees within 60 ft of buildings provided direct shade on walls and windows. Savings at each location were multiplied by tree distribution to determine location-weighted savings per tree for each species and DBH class that was independent of location. Location-weighted savings per tree were multiplied by number of trees in each species/DBH class and then summed to find total savings for the city. Land use (single family, residential, multifamily residential, commercial/industrial, other) was based on field measurements. The same tree distribution was used for all land uses.
Three prototype buildings were used in the simulations to represent pre-1950, 1950 and post-1980 construction practices for Fort Collins (Ritschard et al. 1992) . Building footprints were square, which was found to be reflective of average impacts for large building populations (Simpson 2002) . Buildings were simulated with 1.5-ft overhangs. Blinds had a visual density of 37%, and were assumed closed when the air conditioner is operating. Summer and winter thermostat settings were 78° F and 68° F during the day, respectively, and 60° F at night. UECs were adjusted to account for saturation of central air conditioners, room air conditioners, and evaporative coolers (Table B-1) .
UECs for simulated single-family residential buildings were adjusted for type and saturation of heating and cooling equipment, and for various factors that modified the effects of shade and climate modifications on heating and cooling loads, using the expression, Sarkovich (1996) . Subscript x refers to residential structures with 1, 2-4 or 5 or more units, SFD to single family detached structures which were simulated, and sh to shade and cl to climate effects. Unit energy density (UED)-sometimes referred to as unit energy use intensity-is defined as UEC/CFA. Unit energy density and CFA (conditioned floor area) data were taken from EIA (1993) for climate zone 2. Similar adjustments were used to account for UEC and CFA differences between single-family detached residences for which simulations were done, and attached residences and mobile homes. Average potential shade factors (APSF) and potential climate factors (PCF) were 1.0 for single-family residential buildings.
Estimated shade savings for all residential structures were adjusted by factors that accounted for shading of neighboring buildings, and reductions in shading from overlapping trees. Homes adjacent to those with shade trees may benefit from their shade. For example, 23% of the trees planted for the Sacramento Shade program shaded neighboring homes, resulting in an estimated energy savings equal to 15% of that found for program participants. This value is used here (F adjacent shade = 1.15). In addition, shade from multiple trees may overlap, resulting in less building shade from an added tree than would result if there were no existing trees. Simpson (2002) estimated that the fractional reduction in average cooling and heating energy use per tree were approximately 6% and 5% percent, respectively, for each tree added after the first. Simpson (1998) also found an average of 2.5 to 3.4 existing trees per residence in Sacramento. A multiple tree reduction factor of 85% was used here, equivalent to approximately 3 existing trees per residence.
In addition to localized shade effects, which were assumed to accrue only to street trees within 18-60 ft of buildings, lowered air temperatures and wind speeds from neighborhood tree cover (referred to as climate effects) produce a net decrease in demand for summer cooling (reduced wind speeds by themselves may increase or decrease cooling demand, depending on the circumstances) and winter heating. To estimate climate effects on energy use, air temperature and wind speed reductions as a function of neighborhood canopy cover were estimated from published values following McPherson and Simpson (1999) , then used as input for building energy use simulations described earlier. Peak summer air temperatures were assumed to be reduced by 0.4 °F for each percentage increase in canopy cover. Wind speed reductions were based on the canopy cover resulting from the addition of the particular tree being simulated to that of the building plus other trees. Lot size used was 10,000 ft (Table B -2) equipment by vintage. Equipment factors of 33% and 25% were assigned to homes with evaporative coolers and room air conditioners, respectively. These factors were combined with equipment saturations to account for reduced energy use and savings compared to those simulated for homes with central air conditioning (F equipment ). Building vintage distribution was combined with adjusted saturations to compute combined vintage/saturation factors for air conditioning (Table B-3) . Heating loads were converted to fuel use based on efficiencies in (Table B-3) . The "other" and "fuel oil" heating equipment types were assumed to be natural gas for the purpose of this analysis. Building vintage distributions were combined with adjusted saturations to compute combined vintage/saturation factors for natural gas and electric heating (Table B- 
3).
Unit energy consumptions from shade for multifamily residences (MFRs) were calculated from single-family residential UECs adjusted by APSFs to account for reduced shade resulting from common walls and multi-story construction. Average potential shade factors were estimated from potential shade factors (PSFs), defined as ratios of exposed wall or roof (ceiling) surface area to total surface area, where total surface area includes common walls and ceilings between attached units in addition to exposed surfaces (Simpson 1998) . Potential shade factor=1 indicates that all exterior walls and roof are exposed and could be shaded by a tree, while PSF=0 indicates that no shading is possible (i.e., the common wall between duplex units). Potential shade factors were estimated separately for walls and roofs for both single and multi-story structures. Average potential shade factors were 0.74 for land use MFR 2-4 units and 0.41 for MFR 5+ units.
Unit energy consumptions were also adjusted for climate effects to account for the reduced sensitivity of multi-family buildings with common walls to outdoor temperature changes with respect to single family detached residences. Since estimates for these PCFs were unavailable for multi-family structures, a multi-family PCF value of 0.80 was selected (less than single family detached PCF of 1.0 and greater than small commercial PCF of 0.40; see next section). -1950 - 1950 - -1980 - post-1980 - pre-1950 - 1950 - -1980 - Post-1980 Small Large EIA (1993) Converts kBtu natural gas heat to kWh electricity used for heat based on heat pump and electric resistance saturation values, and AFUE and SEER by vintage.
Unit energy consumptions for C/I and I/T land uses due to presence of trees were determined in a manner similar to that used for multi-family land uses. Potential shade factors of 0.40 were assumed for small C/I, and 0.0 for large C/I. No energy impacts were ascribed to large C/I structures since they are expected to have surface to volume ratios an order of magnitude larger than smaller buildings and less extensive glazed area. Average potential shade factors for I/T structures were estimated to lie between these extremes; a value of 0.15 was used here. A multiple tree reduction factor of 0.85 was used and no benefit was assigned for shading of buildings on adjacent lots.
Potential climate factors of 0.40, 0.25 and 0.20 were used for small C/I, large C/I and I/T, respectively. These values are based on estimates by Akbari and others (1990) , who observed that commercial buildings are less sensitive to outdoor temperatures than houses.
Change in UECs due to shade tend to increase with CFA for typical residential structures. As building surface area increases so does the area shaded. This occurs up to a certain point because the projected crown area of a mature tree (approximately 700 to 3,500 ft 2 ) is often larger than the building surface areas being shaded. Consequently, more area is shaded with increased surface area. However, for larger buildings, a point is reached at which no additional area is shaded as surface area increases. Therefore, ∆ UECs will approach a constant value as CFA increases. Since information on the precise relationships between change in UEC, CFA, and tree size are not known, it was conservatively assumed that ∆ UECs don't change in Equation 1 for C/I and I/T land uses.
Atmospheric Carbon Dioxide Reduction
Sequestration, the net rate of CO 2 storage in above-and below-ground biomass over the course of one growing season, is calculated by species using tree growth equations for DBH and height described above to calculate tree volume with equations from Pillsbury et. al (1998) and Ter-Mikaelian and Karzukhin (1997) (see McPherson and Simpson [1999] for additional information). Fresh weight (kg/m 3 ) and specific gravity ratios from Alden (1995) were applied to convert volume to biomass.
Carbon dioxide released through decomposition of dead woody biomass varies with characteristics of the wood itself, fate of the wood (e.g., left standing, chipped, burned), and local soil and climatic conditions. Recycling of urban waste is now prevalent, and we assume here that most material is chipped and applied as landscape mulch. Our calculations are conservative because they assume that dead trees are removed and mulched in the year that death occurs, and that 80% of their stored carbon is released to the atmosphere as CO 2 in the same year. Total annual decomposition is based on the number of trees in each species and age class that die in a given year and their biomass. Tree survival rate is the principal factor influencing decomposition. Tree mortality was reported to average 3.0% annually in the first 5 years after planting, then 0.77% annually (Buchanan 2002).
Finally, CO 2 released from tree maintenance is estimated to be 13.4 lb CO 2 /tree based on carbon dioxide equivalent annual release of 220,500 lb (11,677 gallons of gasoline, propane, and diesel fuel use) and average tree diameter of 10 inches (Buchanan 2002) .
Reductions in building energy use result in reduced emissions of CO 2 . Emissions were calculated as the product of energy use and CO 2 emission factors for electricity and heating. Heating fuel is largely natural gas and electricity in Fort Collins (Error! Reference source not found.). The overall fuel mix for electricity is approximately 14% natural gas and 86% coal (U.S. EPA 2003). Emissions factors for electricity (lb/MWh) and natural gas (lb/MBtu) weighted by the appropriate fuel mixes are given in Table B -4. Implied value of avoided CO 2 was $0.008/lb based on average high and low estimates for emerging carbon trading markets in the U.S. (CO2e.com 2002) (Table B-4).
Improving Air Quality
Reductions in building-energy use result in reduced emissions of air pollutants from power plants and space heating equipment. Volatile organic hydrocarbons (VOCs) and nitrogen dioxide (NO 2 )-both precursors of ozone formation-as well as sulfur dioxide (SO 2 ) and particulate matter of <10 micron diameter (PM 10 ) were considered. Changes in average annual emissions and their offset values were calculated in the same way as for CO 2 , using utility-specific emission factors for electricity and heating fuels (Ottinger et al. 1990 ; US EPA 1998). The price of emissions savings was derived from models that calculate the marginal cost of controlling different pollutants to meet air quality standards (Wang and Santini 1995) . Air pollutant concentrations were obtained from 33 U.S. EPA (2002) , and population estimates from the .S. Census Bureau (2003) . U Trees also remove pollutants from the atmosphere. The modeling method we applied was developed by Scott et al. (1998) . It calculates hourly pollutant dry deposition per tree expressed as the product of a deposition velocity (V d =1/[R a +R b +R c ]), a pollutant concentration (C), a canopy projection area (CP), and a time step. Hourly deposition velocities for each pollutant were calculated during the growing season using estimates for the resistances (R a , R b , and R c ) for each hour throughout the year. Hourly concentrations for NO 2 , SO 2 , O 3 , and PM 10 and hourly meteorological data (i.e., air temperature, wind speed, solar radiation) for 1999 were obtained from the Colorado Department of Public Health and Environment. We used implied values based on the work of Wang and Santini (1995) to price pollutant uptake by trees (Table B-4). The implied value of O 2 was used for ozone. N Annual emissions of biogenic volatile organic compounds (BVOCs) were estimated for each tree species using the algorithms of Guenther et al. (1991; 1993) . BVOCs were expressed as a product of a base emission rate (µg-C g -1 dry foliar biomass hr -1 ), adjusted for sunlight (isoprene and monoterpenes) and temperature (monoterpenes) and the amount of dry, foliar biomass present in the tree. Annual dry foliar biomass was derived from field data collected in Fort Collins, CO during summer 2002. Hourly air temperature and solar radiation data from the Denver area for 1999 were used as model input. This year was chosen because data were available and it closely approximated long-term, regional climate records. Base emission rates were based on values reported in the literature (Benjamin and Winer 1998). Hourly emissions were summed to get monthly and annual emissions. The cost of these emissions is priced at $2.39/lb (Table B- 
4).
Net air quality benefits were calculated by subtracting the costs associated with BVOC emissions from benefits due to pollutant uptake and avoided power plant emissions. This is a conservative approach, since we do not account for the benefit associated with lowered summertime air temperatures and the resulting reduced hydrocarbon emissions from biogenic as well as anthropogenic sources. Simulation results from Los Angeles indicate that ozone reduction benefits of tree planting with "low-emitting" species exceeded costs associated with their BVOC emissions (Taha 1996) .
Reducing Stormwater Runoff
A numerical simulation model was used to estimate annual rainfall interception (Xiao et al. 1998 ). The interception model accounts for water intercepted by the tree, as well as throughfall and stem flow. Intercepted water is stored temporarily on canopy leaf and bark surfaces. Once the leaf is saturated, water drips from the leaf surface and flows down the stem surface to the ground, or evaporates. Tree canopy parameters include species, leaf surface area, shade coefficient (visual density of the crown), and tree dimensions (i.e., height, crown height, crown diameter, LSA, and DBH). Tree height data are used to estimate wind speed at different heights above the ground and resulting rates of evaporation.
The volume of water stored in the tree crown was calculated from crown projection area (area under tree dripline), leaf area indices (LAI, the ratio of leaf surface area to crown projection area), and the depth of water captured by the canopy surface. Species-specific shade coefficients and tree surface saturation values influence the amount of projected throughfall. Xiao et al. (1998 Xiao et al. ( , 2000 .
To estimate the value of rainfall intercepted by urban trees, stormwater management control costs were based on construction and operation costs for a recently built detention/retention basin in Fort Collins, CO. The drainage area was 660 acres (267 ha). The basin was designed to hold 17.2 acre feet 
Aesthetic And Other Benefits
Many benefits attributed to urban trees are difficult to translate into economic terms. Beautification, privacy, shade that increases human comfort, wildlife habitat, sense of place and well-being are products that are difficult to price. However, the value of some of these benefits may be captured in the property values for the land on which trees stand. To estimate the value of these "other" benefits, results of research that compares differences in sales prices of houses are used to statistically quantify the difference associated with trees. The amount of difference in sales price reflects the willingness of buyers to pay for the benefits and costs associated with the trees. This approach has the virtue of capturing what buyers perceive to be as both the benefits and costs of trees in the sales price. Some limitations to using this approach in Fort Collins include the difficulty associated with 1) determining the value of individual trees adjacent to private properties, 2) the need to extrapolate results from studies done years ago in the east and south to California, and 3) the need to extrapolate results from front yard trees on residential properties to street trees in various locations (e.g., commercial vs. residential). In an Athens, GA study (Anderson and Cordell 1988) , a large front yard tree was found to be associated with a 0.88% increase in average home resale values. Along with identifying the LSA of a typical mature large tree (40-year old plane tree) in Fort Collins (2,943 ft 2 ) and using the average annual change in LSA (ft 2 ) for trees within each DBH class as a resource unit, this increase was the basis for valuing a tree's capacity to increase property value.
Assuming the 0.88% increase in property value held true for Fort Collins, each large tree would be worth $1,870 based on the median single-family home resale price in Fort Collins of $212,000 (Mills 2002 ). However, not all trees are as effective as front yard residential trees in increasing property values. For example, street trees adjacent to multifamily housing units will not increase the property value at the same rate as trees in front of a single-family home. Therefore, a citywide reduction factor (0.84) was applied to prorate a tree's value based on the assumption that trees adjacent to differing landuse-single home residential, multi-home residential, commercial/industrial, vacant, park and institutional-were valued at 100%, 75%, 50%, 25%, 50%, and 50%, respectively, or to 0.84*1870, or $1571 of the full $1,870 (McPherson et al. 2001) . Based on limited literature (Hammer et al. 1974 , More et al. 1988 ) the adjustment for park trees was 50%.
Given these assumptions, a typical large street tree was estimated to increase property values by $0.58/ft 2 of LSA. For example, it was estimated that a single Pear adds about 20 ft 2 of LSA per year when growing in the DBH range of 12-18 in. During this period of growth, therefore, Pear trees effectively added $11.60, annually, to the value of an adjacent home, condominium, or business property.
Total Benefits
Defined as resource units, the absolute value of the benefits of Fort Collins' street and park treeselectricity (kWh/tree) and natural gas savings (kBtu/tree), net atmospheric CO 2 reductions (lbs/tree), net air quality improvement (lbs/tree), stormwater runoff reductions (precipitation interception [ft 3 /tree]) and property value increases (∆ LSA [ft 2 /tree])-were assigned prices through methods described above for model trees (Maco and McPherson 2003) .
Estimating the magnitude of benefits (resource units) produced by all street trees in Fort Collins required four procedures: 1) categorizing street trees by species and DBH based on results of the sample inventory, 2) matching significant species with those from the 20 modeled species 3) grouping remaining "other" trees by type, and 4) applying resource units to each tree.
The first step in accomplishing this task involved categorizing the estimated total number of public and private street trees by relative age (DBH class). Results of the sample inventory were used to group trees-both citywide and by districts-using the following classes: 1) 0-3 in 2) 3-6 in 3) 6-12 in 4) 12-18 in 5) 18-24 in 6) 24-30 in 7) 30-36 in 8) 36-42 in 9) >42 in Because DBH classes represented a range, the midpoint value for each DBH class was utilized as a single value representing all trees encompassed in each class. Linear interpolation was used to estimate resource unit values (Y-value) for each of the 20 modeled species for the 9 midpoints (Xvalue) corresponding to each of the DBH classes assigned to the city's street and park trees.
Once categorized, the interpolated resource unit values were matched on a one-for-one basis. For example, the sample inventory results suggested that out of an estimated 3,552 Green ash street trees citywide, 1,013 were within the 6-12 in DBH class size. The interpolated electricity resource unit value for the class size midpoint (9 in) was 32.8 kWh/tree. Therefore, multiplying the size class resource unit by 3,551 equals the magnitude of annual cooling benefits produced by this segment of the population: 33.2 MWh in electricity saved.
To infer from the 20 municipal species modeled for growth to the entire public tree population, each species representing over one percent of the population citywide were matched directly with corresponding model species or, where there was no corresponding tree, the best match was determined by identifying which of the 20 species was most similar in size, leaf shape/type, habit, and tree type. For example, the 20 species we sampled accounted for all species representing 1% or more of the population, with the exception of Hawthorn (Crataegus spp.), which was matched with the next closest species: Apple/crabapple.
The species that were less than 1% of the population were labeled "other" and were categorized according to tree type classes based on tree type (one of four life forms and three mature sizes):
• Broadleaf deciduous -large (BDL), medium (BDM), and small (BDS).
• Conifer -large (CL), medium (CM), and small (CS).
Large, medium, and small trees measured < 25 ft, 25-40 ft, and >40 ft in mature height. A typical tree was chosen for each of the above 6 categories to obtain growth curves for "other" trees falling into each of the categories: BDL Other = Norway maple BDM Other = Ornamental pear BDS Other = Apple/Crabapple CEL Other = Colorado spruce CEM Other = Austrian pine CES Other = Scaled @ 2/3 Austrian pine
Where modeled species did not exist for a specific category-CES Other-a larger-stature species was scaled-down in size metrics to be used as a surrogate for other trees falling into the category.
Calculating Costs
Expenditures associated with public trees were evaluated based on data provided by Buchanan (2003 ) for Fiscal Year 2003 -2004 . Cost data were specific to public street and park trees, and included costs for sidewalk repair by Public Works and trip and fall legal costs.
Calculating Net Benefits and BenefitCost Ratios
To assess the total value of annual benefits (B) for each tree (i) benefits were summed. Total citywide annual net benefits as well as the benefit-cost ratio (BCR) were calculated using the sums of benefits and costs:
Citywide Net Benefits = B-C [5] BCR = B C [6] 
